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Mode Detection in Turbofan Inlets
from Acoustic Pressure Measurements
in the radiated field
Fabrice Castres∗ , Phillip Joseph† and Jeremy Astley‡
Knowledge of the modal content of the sound field radiated from a turbofan inlet is
important for source characterisation and for helping to determine noise generation mech-
anisms in the engine. An inverse technique for determining the mode decomposition is pro-
posed using pressure measurements from mode on the Turbulence Control Screen (TCS).
The TCS offers a useful platform for locating microphones since they are often fitted to
engines during ground testing to smooth the integrated flow. Array performance is tested
on computer-generated data from modal radiation predictions using a model based on the
Kirchhoff approximation for flanged ducts with no flow. An overdetermined system of
linear equations that accounts for the radiation at the TCS due to all cut-on modes and
nearly cut-off modes is constructed from this model and is inverted to determining mode
amplitudes. The sensitivity of the reconstructed mode amplitudes to noise is determined
by the condition number of the radiation matrix, containing modal directivity functions
predicted at each sensor location. This paper discusses the number and configuration of
microphones on the TCS needed for robust and accurate modal inversion. Finally, this
paper discusses the use of constraining the solution by regularisation in order to improve
inversion robustness to noise.
I. Introduction
The sound field radiation from a duct inlet can be decomposed into a set of acoustic modes. Knowingthese modes is of importance in the diagnosis of noise generation mechanisms in the turbofan inlet and
provide strategies for noise control. Each of these modes has a specific directivity pattern which varies with
frequency. This paper is concerned with the detection of the amplitude of the radiated modes from pressure
measurements on the turbulence control screen (TCS). The TCS consists of a spherical porous structure
which is attached to the static inlet flare of the test engine for smoothing the ingested flow during ground
tests. It also offers a useful platform for locating microphones. The first documented approach dealing with
the inversion of mode amplitudes using pressure measurements made on a TCS was by Farassat et al.1 Their
approach was to perform a decomposition of the radiated sound field into its spinning modes using rings
of sensors on the TCS. The radial modes within each spinning mode were then deduced by conventional
inversion techniques (see section II). The advantage of this approach was that the radiation matrices to
be inverted are comparatively small and hence reasonably well conditioned. The main disadvantage of the
technique, however, is that, unless a priori information concerning the modal content of the sound field is
available, the number of microphones required is roughly twice the total number of propagating modes to
be inverted. Many of the pressure measurements used in the technique are therefore redundant. As we shall
show in section II, in principle, only as many sensors as modes are required to perform the inversion, although
in practice, additional sensors should be introduced to improve the conditioning (see section III). Another
approach aimed at the inversion of duct mode amplitudes from TCS measurements is by Lan and Premo.2
Their approach was to ascertain, by computer simulation, microphone positions on the TCS for which the
directivity matrix to be inverted is diagonal so that, in effect, each microphone senses only one mode. The
inversion of the directivity matrix in this case is then trivial and likely to be well conditioned. Whilst
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